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Abstract
We investigate CP violation asymmetry in the decay of tau slepton
into a tau neutrino and a chargino in the minimal supersymmetric standard
model. The new source of CP violation is the complex mixing in the tau
slepton sector. The rate asymmetry between the decays of tau slepton and its
CP conjugate process can be of order of 10−3 in some region of the parameter
space of the mSUGRA scenario, which will possibly be detectable in the near-
future collider experiments.
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I. Introduction
Supersymmetric(SUSY) model is now widely regarded to be the most
plausible extension of the Standard Model(SM)[1][2]. It stabilizes the gauge
hierarchy and allows for the grand unification of all known gauge interactions[3].
In the Minimal Supersymmetric Standard Model(MSSM) there are addi-
tional complex couplings which may give rise to CP violation compared to
the SM[4]. These new sources of CP violation contribute to CP violation in
various processes[5], the neutron and electron electric dipole moments, rare
Kaon decays and B decays, etc. Although the CP-violating phases associated
with sfermions of the first and second generation are severely constrained by
bounds on the electric dipole moments of the electron, neutron and muon,
but the CP violation phases in the mass matrices of the third generation
sfermions might be large and can induce sizable CP violation in the MSSM
Higgs sector through loop corrections[6][7], furthermore, these phases also
directly affect the couplings of Higgs bosons to third generation sfermions[8].
In the MSSM with the simple universal soft supersymmetry breaking[9], the
tau slepton sector contains two new sources of CP violation in its couplings
to Higgs particles. It can be defined to be the complex phases of the µ term
in the Higgs superpotential and soft-SUSY-breaking A terms. These new
sources of CP violation are generic to all SUSY theories and provide non-SM
sources of CP violation required for the baryon asymmetry of the universe[10].
On the other hand, the effects of these new CP violation are expected to be
probed in the near-future colliders[11], such as LHC and NLC, which could
provide an opportunity of detecting new CP violating phenomena. There-
fore, it should be important and interesting to investigate mechanism and
consequence of this CP violating source in collider phenomenology.
In this paper, we work in the framework of the MSSM with CP violation,
and we focus on the CP asymmetry in tau slepton decays. If a tau slepton is
sufficiently heavy, its dominant decay modes are tree-level two-body decays
τ˜− → ντ χ˜− and τ˜− → τ−χ˜0, where χ˜− and χ˜0 denote a chargino and a
neutralino, respectively. These final states are also produced at one-loop
level by the final state interactions. If the interactions of the tau slepton
violate CP invariance, these decays are expected to have different rates from
their CP conjugate process, which are measured by the asymmetries:
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Aντcp =
Γ(τ˜− → ντ χ˜−)− Γ(τ˜+ → ν¯τ χ˜+)
Γ(τ˜− → ντ χ˜−) + Γ(τ˜+ → ν¯τ χ˜+) ,
Aτcp =
Γ(τ˜− → τ−χ˜0)− Γ(τ˜+ → τ+χ˜0)
Γ(τ˜− → τ−χ˜0) + Γ(τ˜+ → τ+χ˜0) .
(1)
Assuming CPT invariance, the decay widths satisfy the relation:
Γ(τ˜− → ντ χ˜−)− Γ(τ˜+ → ν¯τ χ˜+) = −[Γ(τ˜− → τ−χ˜0)− Γ(τ˜+ → τ+χ˜0)] (2)
making the total width of the tau slepton the same as that of the anit-tau
slepton. We will calculate and discuss the asymmetries.
The remainder of this paper is organized as follows. Section II is devoted
to a brief review of the mass spectra and mixing patters of the tau sleptons,
charginos and neutralinos. In Sec.III we present a Lagrangian of the rele-
vant coupling and analytical expressions of the rate asymmetry. A detailed
numerical analysis of the asymmetries for a representative SUSY parameter
set is given in Sec.IV. Final section is for summary and conclusions.
II. SUSY particles masses and mixing
To fix our notation, we simply summarize in this section the masses and
mixings of the tau slepton and chargino, neutralino sectors of the MSSM,
which will be needed later when evaluating the decay widths[12].
A. Tau slepton mass and mixing
The mass-squared matrix for the tau slepton in the left-right basis is
given as
M2τ˜ =
(
M2L mτ (Aτ + µ tanβ)
mτ (A
∗
τ + µ
∗ tanβ) M2R
)
(3)
with
M2L = m
2
τ˜L
+m2τ + (
1
2
M2Z −M2W ) cos 2β ,
M2R = m
2
τ˜R
+m2τ + (M
2
Z −M2W ) cos 2β ,
(4)
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where mτ˜L,R are the left- and right-handed soft SUSY-breaking tau slepton
masses, respectively. The tau slepton soft breaking trilinear coupling Aτ and
Higgs mass mixing parameter µ are complex,
Aτ = |Aτ |ei ϕ , µτ = |µτ |ei η . (5)
The complex phase ϕ and η are the source of CP violation, which can vary in
the range 0 ≤ ϕ, η ≤ 2π. In the later context, we will take µ as real, i.e. only
the phase ϕ is left so as to reduce the number of parameters and simplify the
discussion. The tau slepton mass eigenstates can be realized by a unitary
transformation U which diagonalizes the mass-squared matrix M2
τ˜
,
U M2τ˜ U
† = Diag (m2τ˜1 , m
2
τ˜2
) , (6)
where diagonalization matrix can be parameterized as
U =
(
cos θτ sin θτe
i δ
− sin θτe−i δ cos θτ
)
(7)
with
δ = arg (Aτ + µ tanβ) . (8)
The tau slepton mixing angles and mass eigenvalues are then given as
tan 2θ =
2mτ |Aτ + µ tanβ|
M2L −M2R
,
m2τ˜1,2 =
1
2
[
M2L +M
2
R ∓
√
(M2L −M2R)2 + 4m2τ |Aτ + µ tanβ|2
] (9)
with convention 0 ≤ θ ≤ pi
2
, m2
τ˜1
≤ m2
τ˜2
. For large values of tanβ and µ, the
mixing in the tau slepton sector can be very strong.
B. The chargino and neutralino systems
The general chargino mass matrix is given by[13]
MC =
(
M2
√
2MW sβ√
2MW cβ µ
)
, (10)
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where M2 is the wino mass parameter and we use sβ = sin β, cβ = cos β, etc.
It can be diagonalized by two real rotation matrices CL and CR ,
CLMC C
−1
R = Diag (mχ˜±
1
, mχ˜±
2
) (11)
with two rotation angles given by
tan 2θL =
2
√
2MW (M2cβ + µsβ)
M22 − µ2 − 2M2W cβ
,
tan 2θR =
2
√
2MW (M2sβ + µcβ)
M22 − µ2 + 2M2W cβ
.
(12)
The two mass eigenvalues of the charginos, in the limit |µ| ≫ M2 ,MW , are
reduced to
mχ˜±
1
≃ M2 − M
2
W
µ2
(M2 + µs2β) ,
mχ˜±
2
≃ |µ|+ M
2
W
µ2
ǫµ(M2s2β + µ) ,
(13)
where ǫµ is for the sign of µ . For |µ| → ∞ , the lighter chargino corresponds
to a pure wino state with mass mχ˜±
1
≃ M2 , while the heavier chargino
corresponds to a pure higgsino state with mass mχ˜±
2
≃ |µ| .
The neutralino mass matrix is
MN =

M1 0 −MZsW cβ MZsW sβ
0 M2 MZcW cβ −MZcW sβ
−MZsW cβ MZcW cβ 0 −µ
MZsWsβ −MZcWsβ −µ 0
 , (14)
where M1 is the Bino mass parameter and sW = sin θW , cW = cos θW , etc.
are used. It can be diagonalized by a single real orthogonal matrix N ,
N MN N
−1 = Diag (mχ˜0
1
, mχ˜0
2
, mχ˜0
3
, mχ˜0
4
) . (15)
In the limit of large |µ| values, the mass eigenvalues of the neutralinos
mχ˜0
i
(i = 1, 2, 3, 4) are simplified to
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mχ˜0
1
≃ M1 − M
2
Z
µ2
(M1 + µs2β)s
2
W ,
mχ˜0
2
≃ M2 − M
2
Z
µ2
(M2 + µs2β)c
2
W ,
mχ˜0
3
≃ |µ|+ M
2
Z
2µ2
ǫµ(1− s2β)(µ+M2s2W +M1c2W ) ,
mχ˜0
4
≃ |µ|+ M
2
Z
2µ2
ǫµ(1 + s2β)(µ−M2s2W −M1c2W ) .
(16)
Again, for |µ| → ∞ , two neutralinos are pure gaugino states with masses
mχ˜0
1
≃ M1 , mχ˜0
2
≃ M2 , while the two others are pure higgsino states with
masses mχ˜0
3
≃ mχ˜0
4
≃ |µ| . The matrix elements of the diagonalizing matrix,
Nij with i, j = 1, . . . , 4 , are given by
Ni1 = (1 + a
2
i + b
2
i + c
2
i )
− 1
2 ,
Ni2 = Ni1 ai ,
Ni3 = Ni1 bi ,
Ni4 = Ni1 ci
(17)
with
ai = − 1
tan θW
M1 − ǫimχ˜0
i
M2 − ǫimχ˜0
i
,
bi =
[
µ (M1 − ǫimχ˜0
i
)(M2 − ǫimχ˜0
i
)
−M2Zsβcβ[(M1 −M2)c2W +M2 − ǫimχ˜0
i
]
]
/[
MZsW (M2 − ǫimχ˜0
i
)(µ cβ + ǫimχ˜0
i
sβ)
]
,
ci =
[
−ǫimχ˜0
i
(M1 − ǫimχ˜0
i
)(M2 − ǫimχ˜0
i
)
−M2Zc2β[(M1 −M2)c2W +M2 − ǫimχ˜0
i
]
]
/[
MZsW (M2 − ǫimχ˜0
i
)(µ cβ + ǫimχ˜0
i
sβ)
]
,
(18)
where ǫ1 = ǫ2 = 1,−ǫ3 = ǫ4 = ǫµ .
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C. Mass spectra in the mSUGRA scenario
To reduce the number of the parameters, we will adopt the mSUGRA
scenario with universality hypothesis to discuss the SUSY particle spectra,
where the scalar fermion masses and the gaugino masses are respectively
unified as m0 and m1/2 at the GUT scale MGUT . The relation between the
SUSY particle masses at the scale MGUT and at the weak scale O(MZ) are
obtained by running renormalization group equations(RGE) as[14]
M1 ≃ 0.4m1/2 , M2 ≃ 0.8m1/2 ,
m2τ˜R ≃ m20 + 0.15m21/2 − 0.23M2Z cos 2β ,
m2τ˜L ≃ m20 + 0.52m21/2 − 0.27M2Z cos 2β ,
m2ν˜τ ≃ m20 + 0.52m21/2 + 0.5M2Z cos 2β ,
(19)
where mν˜τ is the left-handed soft-SUSY-breaking tau sneutrino mass. All
of the free parameters now include |A|, ϕ, µ, tan β, m0, m1/2 . We will take
them as input and use the above-mentioned equations, all the mass spectra
of the involved SUSY particles can then be worked out.
III. Relevant couplings and decay rate asym-
metry
A nonvanishing value for the asymmetry Aντcp in Eq.(1) is generated, if the
decay τ˜− → ντ χ˜−, in addition to the decay τ˜− → τ−χ˜0, is allowed kinemat-
ically. The produced tau lepton and neutralino can become a tau neutrino
and a chargino by exchanging charged Higgs bosons H±, W± bosons, and
tau sneutrino ν˜τ , as shown in Fig. 1. The interferences of these one-loop dia-
grams with the tree diagram make the rate of the decay τ˜− → ντ χ˜− different
from that of the decay τ˜+ → ν¯τ χ˜+. The relevant interaction Lagrangian for
τ˜ and ν˜τ as well as H
± and W± is given by[12]
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                  τ            τν                   τ            τν  
τ~                 ±H             τ~                   ±W  
0~χ           ±χ~                   0~χ           ±χ~  
(a)                               (b) 
0~χ           τν  
τ~                  τν
~
 
                                τ            ±χ~  
(c) 
Figure 1: The one-loop diagrams for the decay of a tau slepton into a tau
neutrino and a chargino.
L = g√
2
ν˜τ τ(ALl
1− γ5
2
+ ARl
1 + γ5
2
)χ˜−l +
g√
2
τ˜kντ (Bkl
1 + γ5
2
)χ˜+l
+
g√
2
τ˜kτ (FLjk
1− γ5
2
+ FRjk
1 + γ5
2
)χ˜0j +
g√
2
ν˜τντ (Gj
1 + γ5
2
)χ˜0j
− g√
2
H−χ˜0jγ
µ(ILjl
1− γ5
2
+ IRjl
1 + γ5
2
)χ˜+l −
g√
2
H−τ (K
1− γ5
2
)ντ
− g√
2
W−µ χ˜
0
jγ
µ(HLjl
1− γ5
2
+HRjl
1 + γ5
2
)χ˜+l −
g√
2
W−µ τγ
µ1− γ5
2
ντ
+h.c.
(20)
with
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ALl =
mτ
MW cβ
CLl2 , ARl = −
√
2CRl1 ,
Bkl =
mτ
MW cβ
CLl2U
∗
k2 −
√
2CLl1U
∗
k1 ,
FLjk = − mτ
MW cβ
Nj3U
∗
k1 − 2 tan θWNj1U∗k2 ,
FRjk =
mτ
MW cβ
Nj3U
∗
k2 − (Nj2 + tan θWNj1)U∗k1 ,
Gj = Nj2 − tan θWNj1 ,
HLjl = −
√
2Nj2CRl1 +Nj4CRl2 ,
HRjl = −
√
2Nj2CLl1 −Nj3CLl2 ,
ILjl = cos β[
√
2Nj4CRl1 + (Nj2 + tan θWNj1)CRl2] ,
IRjl = sin β[
√
2Nj3CLl1 − (Nj2 + tan θWNj1)CLl2] ,
K = − tan β mτ
MW
,
(21)
where k, l = (1, 2) and j = (1, . . . , 4). We now consider the decay of the heav-
ier tau slepton into the tau neutrino and the lighter chargino τ˜−2 → ντ χ˜−1 and
its CP conjugate process. The decay rate asymmetry for the processes are
obtained as
Aντcp =
α2
2
T a + T b + T c
(m2
τ˜2
−m2
χ˜−
1
)2|B21|2 , (22)
where α2 = g
2/(4π). The contributions of the diagrams (a),(b), and (c)
in Fig.1. are represented by T a, T b, and T c, respectively. these terms are
written as
T a =
∑
j
4∑
n=1
Im(Xnj )J
a
n(mτ˜2 , mχ˜0j , mχ˜
−
1
) ,
T b =
∑
j
4∑
n=1
Im(Y nj )J
b
n(mτ˜2 , mχ˜0j , mχ˜
−
1
) ,
T c =
∑
j
4∑
n=1
Im(Znj )J
c
n(mτ˜2 , mχ˜0j
, mχ˜−
1
)
(23)
with
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X1j = KB21F
∗
Rj2ILj1, X
2
j = KB21F
∗
Lj2ILj1,
X3j = KB21F
∗
Lj2IRj1, X
4
j = KB21F
∗
Rj2IRj1;
Y 1j = B21F
∗
Rj2HLj1, Y
2
j = B21F
∗
Rj2HRj1,
Y 3j = B21F
∗
Lj2HLj1, Y
4
j = B21F
∗
Lj2HRj1;
Z1j = AR1B21F
∗
Rj2Gj , Z
2
j = AR1B21F
∗
Lj2Gj ,
Z3j = AL1B21F
∗
Lj2Gj, Z
4
j = AL1B21F
∗
Rj2Gj
(24)
and
Ja1 =
1
2
mτmχ˜−
1
[
T + (m2τ +m
2
χ˜−
1
−m2τ˜2 −m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja2 =
1
2
mχ˜0
j
mχ˜−
1
[
T + (m2τ −m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja3 =
1
2
[
m2τ˜2T + (m
2
τm
2
χ˜−
1
−m2τ˜2m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja4 =
1
2
mτmχ˜0
j
(m2
χ˜−
1
−m2τ˜2) ln
∣∣∣∣S + TS − T
∣∣∣∣ ,
J b1 =
1
2
mχ˜0
j
mχ˜−
1
[
2M2W +m
2
τ
M2W
T + (m2τ − 2M2W +
m4τ
M2W
) ln
∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
]
,
J b2 = −
m2τm
2
χ˜−
1
2M2W
T +
[
1
2
m2τm
2
χ˜−
1
+ (m2
χ˜−
1
−m2τ˜2)(m2τ˜2 −m2τ −m2χ˜0j )
+
m2τm
2
χ˜−
1
2M2W
(m2χ˜0
j
−m2χ˜−
1
−m2τ ) +
m2τm
2
τ˜2
2M2W
(m2χ˜−
1
−m2χ˜0
j
)
 ln ∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣ ,
J b3 =
1
2
mτmχ˜−
1

2M2W −m2τ˜2 +m2χ˜0j
M2W
T +
[
2(m2τ +m
2
χ˜−
1
−M2W )
− m2τ˜2 −m2χ˜0j −
m2τ (m
2
χ˜−
1
−m2
χ˜0
j
)
M2W
 ln ∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
 ,
J b4 =
mτmχ˜0
j
(m2
τ˜2
−m2
χ˜−
1
)
2M2W
(
T + 3M2W ln
∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
)
,
(25)
where
10
T =
(m2
τ˜2
−m2
χ˜−
1
)
m2
τ˜2
√
m4
τ˜2
+m4τ +m
4
χ˜0
j
− 2m2
τ˜2
m2τ − 2m2τ˜2m2χ˜0j − 2m
2
τm
2
χ˜0
j
,
S =
1
m2
τ˜2
(m2τ˜2 +m
2
χ˜−
1
)(m2τ˜2 −m2τ +m2χ˜0j )− 2(m
2
χ˜0
j
+m2
χ˜−
1
−m2H±) ,
(26)
S ′ is derived from S by changing mH± to MW . In addition, J
c
n are also
obtained from Jan by mν˜τ replacing mH±. The sum for the intermediate
neutralinos in the formula (23) should be done for those which satisfy the
kinematical condition mτ˜2 > mτ +mχ˜0j .
IV. Numerical results
In this section, we will illustrate our numerical results of the CP asymme-
try in the tau slepton decay based on the mSUGRA scenario for the relevant
SUSY parameters. Since we have assumed a universal mass m0 for the scalar
fermions and a mass m1/2 for the gauginos at the GUT scale, therefore, the
parameters appearing in our analyses are |A|, ϕ, µ, tanβ, m0, m1/2, mH± .
For simplicity, although these parameters are not all independent of each
other, we assume them are independent and assume only rough constraints
coming from theoretical and experimental considerations. The simple ex-
pressions (19) will be used for the soft SUSY-breaking Bino and Wino mass,
as well as left- and right-handed slepton masses when performing the RGE
evolution to weak scale at one-loop order if the Yukawa couplings in the
RGE’s are neglected. We will choose two representative values for tan β: a
low value (tan β = 2.5) and a large value (tanβ = 40), as well as two values
for phase ϕ: π/2 and π/4, respectively. The other parameters are typically
taken, for example, as the followings
η = 0, |µ| = 2TeV, |Aτ | = 1.5TeV, mH± = 1TeV, m0 = m1/2 = 400GeV .(27)
As a result, the masses of the relevant SUSY particles are immediately leaded
to
mχ˜±
1
≃ mχ˜0
2
≃M2 ≃ 320GeV, mχ˜0
1
≃M1 ≃ 160GeV, mν˜τ ≃ 490GeV , (28)
which do not depend on the value of ϕ and there is only a very small variation
with the value of tanβ. The masses of the tau sleptons , however, are more
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sensitive to tan β, and there is a very small change with the value of ϕ. For
ϕ = π/4, the numerical results is given by
mτ˜1 ≃ 430GeV , mτ˜2 ≃ 498GeV , (tanβ = 2.5)
mτ˜1 ≃ 266GeV , mτ˜2 ≃ 604GeV . (tanβ = 40)
(29)
Since for tau slepton, large enough off-diagonal elements of the mass matrices
are obtained only for large µ and tanβ values and trilinear couplings Aτ play
only a marginal role, we will fix the latter in the entire analysis. The soft
SUSY-breaking masses for the Higgs bosons are however disconnected from
the sfermions, moreover, our results are not sensitive to the charged Higgs
bosons mass mH± , so it will also be fixed.
In the Fig. 2 and Fig. 3, the absolute values of Aντcp are shown as a function
of the unified gaugino mass m1/2 for the low value (tanβ = 2.5) and the large
value (tanβ = 40), respectively. The other involved parameters are fixed to
the same as Eq.(27). Two curves of each figure correspond respectively to
two value of the phase ϕ = π/4 and ϕ = π/2. The plots show that the
rate asymmetries |Aντcp | are very sensitive to the value of tan β. They have
approximately a magnitude of order of 10−4 for tan β = 2.5 and of order
of 10−6 for tan β = 40, respectively. The asymmetries are enhanced with
increasing value of m1/2. In the case of tanβ = 2.5 and ϕ = π/2, for large
values of m1/2(m1/2 ≈ 500GeV), the asymmetry Aντcp can significantly reach
the order of 10−3. In addition, the parameters ϕ, |Aτ |, m0 do dot change the
whole trends of the plots, nevertheless, they can slightly shift the values of
Aντcp in the same order of magnitude. The mass of the charged Higgs boson
does not however affect the asymmetries obviously.
In the Fig. 4 and Fig. 5, the rate asymmetries |Aντcp | are shown as a function
of the Higgs mass parameter |µ| for tan β = 2.5 and tanβ = 40, respectively.
The unified gaugino mass and the other parameters are still given by Eq.(27).
Plots show that the magnitude of order of the asymmetries are similar to that
of the Fig. 2 and Fig. 3, respectively. For a larger value of |µ|, the asymmetries
are smaller. In the case of tanβ = 2.5 and ϕ = π/2, the values of |Aντcp | also
become of order of 10−3 for small values of |µ|(|µ| ≈ 1TeV). In most region
of parameter space in Fig. 2–Fig. 5, τ˜2 dominantly decays into ντ χ˜
−
1 , τχ˜
0
1 and
τχ˜02 . In Fig. 6 and Fig. 7, the branching ratios of these decays are shown
as a function of the gaugino mass m1/2 for tanβ = 2.5 and tan β = 40,
respectively. Where, the phase ϕ is fixed to ϕ = π/4 and values of the other
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parameters are the same as Eq.(27). The graphs show that the trends of
plots obviously change with the value of tanβ. For a smaller value of m1/2,
Br(τ˜2 → ντ χ˜−1 ) is larger. The interactions which induce the rate asymmetry
between the decays τ˜− → ντ χ˜− and τ˜+ → ν¯τ χ˜+ also yield a rate asymmetry
between the decays τ˜− → τ−χ˜0 and τ˜+ → τ+χ˜0, satisfying the relation in
Eq.(3). As seen In Fig. 6 and Fig. 7, the width of τ˜2 → ντ χ˜−1 is generally
several times smaller than that of τ˜2 → τχ˜01, and accordingly the former
decay rate asymmetry becomes larger than the latter by the same order of
magnitude. For the detection of an asymmetry Aντcp ∼ 10−3, a necessary
number of pairs of τ˜+τ˜− should be in the order of 106. This luminosity are
expected to be produced at a future µ+µ− linear collider with a c.m. energy
of 500GeV, where it will be possible to examine CP violation through the
decay τ˜ → ντ χ˜±.
V. Conclusions
In summary, we have studied in detail the signal for CP violation in the
tau slepton sector in the MSSM. The relevant sources of CP violation come
from the soft SUSY-breaking terms associated with third generation slepton,
as well as the Higgs mass parameter µ. We presented a general formalism
of the effect of the CP-violating mixing in the tau slepton sector on their
decays. A detailed analysis about that was focused on the rate asymmetry
of the decay of the heavier tau slepton into the lighter chargino and tau
neutrino final states. In the mSUGRA scenarios where the scalar fermion
and gaugino masses are unified at the GUT scale, we illustrated this asym-
metry and branching ratios in the parameter space which are constrained
by experiments. It was shown that a rate asymmetry between the decays
τ˜−2 → ντ χ˜−1 and τ˜+2 → ν¯τ χ˜+1 can be induced at a magnitude of order of 10−3
in a region of the parameter space where CP violation becomes maximal at
lagrangian level. Even though this CP-violating tau slepton mixing only pro-
ceeds through loop diagrams, it can give rise to order of 10−3 CP-violating
asymmetry even in the absence of other CP phases. As a result, the intrinsic
property of CP violation in the MSSM can be expected to be detectable in
the near-future collider experiments.
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Figure 2: The decay rate asymmetry as a function of the gaugino mass m1/2
for tanβ = 2.5, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 3: The decay rate asymmetry as a function of the gaugino mass m1/2
for tan β = 40, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 4: The decay rate asymmetry as a function of the parameter |µ| for
tanβ = 2.5, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 5: The decay rate asymmetry as a function of the parameter |µ| for
tanβ = 40, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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 Figure 6: The branching ratios as a function of the gaugino mass m1/2 for
tanβ = 2.5, ϕ = π/4, and the other parameter values in Eq.(27). The curve
I ⇒ (τ˜2 → ντ χ˜−1 ), II ⇒ (τ˜2 → τχ˜01), III ⇒ (τ˜2 → τχ˜02).
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 Figure 7: The branching ratios as a function of the gaugino mass m1/2 for
tanβ = 40, ϕ = π/4, and the other parameter values in Eq.(27). The curve
I ⇒ (τ˜2 → ντ χ˜−1 ), II ⇒ (τ˜2 → τχ˜01), III ⇒ (τ˜2 → τχ˜02).
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Abstract
We investigate CP violation asymmetry in the decay of tau slepton
into a tau neutrino and a chargino in the minimal supersymmetric standard
model. The new source of CP violation is the complex mixing in the tau
slepton sector. The rate asymmetry between the decays of tau slepton and its
CP conjugate process can be of order of 10−3 in some region of the parameter
space of the mSUGRA scenario, which will possibly be detectable in the near-
future collider experiments.
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I. Introduction
Supersymmetric(SUSY) model is now widely regarded to be the most
plausible extension of the Standard Model(SM)[1][2]. It stabilizes the gauge
hierarchy and allows for the grand unification of all known gauge interactions[3].
In the Minimal Supersymmetric Standard Model(MSSM) there are addi-
tional complex couplings which may give rise to CP violation compared to
the SM[4]. These new sources of CP violation contribute to CP violation in
various processes[5], the neutron and electron electric dipole moments, rare
Kaon decays and B decays, etc. Although the CP-violating phases associated
with sfermions of the first and second generation are severely constrained by
bounds on the electric dipole moments of the electron, neutron and muon,
but the CP violation phases in the mass matrices of the third generation
sfermions might be large and can induce sizable CP violation in the MSSM
Higgs sector through loop corrections[6][7], furthermore, these phases also
directly affect the couplings of Higgs bosons to third generation sfermions[8].
In the MSSM with the simple universal soft supersymmetry breaking[9], the
tau slepton sector contains two new sources of CP violation in its couplings
to Higgs particles. It can be defined to be the complex phases of the µ term
in the Higgs superpotential and soft-SUSY-breaking A terms. These new
sources of CP violation are generic to all SUSY theories and provide non-SM
sources of CP violation required for the baryon asymmetry of the universe[10].
On the other hand, the effects of these new CP violation are expected to be
probed in the near-future colliders[11], such as LHC and NLC, which could
provide an opportunity of detecting new CP violating phenomena. There-
fore, it should be important and interesting to investigate mechanism and
consequence of this CP violating source in collider phenomenology.
In this paper, we work in the framework of the MSSM with CP violation,
and we focus on the CP asymmetry in tau slepton decays. If a tau slepton is
sufficiently heavy, its dominant decay modes are tree-level two-body decays
τ˜− → ντ χ˜− and τ˜− → τ−χ˜0, where χ˜− and χ˜0 denote a chargino and a
neutralino, respectively. These final states are also produced at one-loop
level by the final state interactions. If the interactions of the tau slepton
violate CP invariance, these decays are expected to have different rates from
their CP conjugate process, which are measured by the asymmetries:
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Aντcp =
Γ(τ˜− → ντ χ˜−)− Γ(τ˜+ → ν¯τ χ˜+)
Γ(τ˜− → ντ χ˜−) + Γ(τ˜+ → ν¯τ χ˜+) ,
Aτcp =
Γ(τ˜− → τ−χ˜0)− Γ(τ˜+ → τ+χ˜0)
Γ(τ˜− → τ−χ˜0) + Γ(τ˜+ → τ+χ˜0) .
(1)
Assuming CPT invariance, the decay widths satisfy the relation:
Γ(τ˜− → ντ χ˜−)− Γ(τ˜+ → ν¯τ χ˜+) = −[Γ(τ˜− → τ−χ˜0)− Γ(τ˜+ → τ+χ˜0)] (2)
making the total width of the tau slepton the same as that of the anit-tau
slepton. We will calculate and discuss the asymmetries.
The remainder of this paper is organized as follows. Section II is devoted
to a brief review of the mass spectra and mixing patters of the tau sleptons,
charginos and neutralinos. In Sec.III we present a Lagrangian of the rele-
vant coupling and analytical expressions of the rate asymmetry. A detailed
numerical analysis of the asymmetries for a representative SUSY parameter
set is given in Sec.IV. Final section is for summary and conclusions.
II. SUSY particles masses and mixing
To fix our notation, we simply summarize in this section the masses and
mixings of the tau slepton and chargino, neutralino sectors of the MSSM,
which will be needed later when evaluating the decay widths[12].
A. Tau slepton mass and mixing
The mass-squared matrix for the tau slepton in the left-right basis is
given as
M2τ˜ =
(
M2L mτ (Aτ + µ tanβ)
mτ (A
∗
τ + µ
∗ tanβ) M2R
)
(3)
with
M2L = m
2
τ˜L
+m2τ + (
1
2
M2Z −M2W ) cos 2β ,
M2R = m
2
τ˜R
+m2τ + (M
2
Z −M2W ) cos 2β ,
(4)
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where mτ˜L,R are the left- and right-handed soft SUSY-breaking tau slepton
masses, respectively. The tau slepton soft breaking trilinear coupling Aτ and
Higgs mass mixing parameter µ are complex,
Aτ = |Aτ |ei ϕ , µτ = |µτ |ei η . (5)
The complex phase ϕ and η are the source of CP violation, which can vary in
the range 0 ≤ ϕ, η ≤ 2π. In the later context, we will take µ as real, i.e. only
the phase ϕ is left so as to reduce the number of parameters and simplify the
discussion. The tau slepton mass eigenstates can be realized by a unitary
transformation U which diagonalizes the mass-squared matrix M2
τ˜
,
U M2τ˜ U
† = Diag (m2τ˜1 , m
2
τ˜2
) , (6)
where diagonalization matrix can be parameterized as
U =
(
cos θτ sin θτe
i δ
− sin θτe−i δ cos θτ
)
(7)
with
δ = arg (Aτ + µ tanβ) . (8)
The tau slepton mixing angles and mass eigenvalues are then given as
tan 2θ =
2mτ |Aτ + µ tanβ|
M2L −M2R
,
m2τ˜1,2 =
1
2
[
M2L +M
2
R ∓
√
(M2L −M2R)2 + 4m2τ |Aτ + µ tanβ|2
] (9)
with convention 0 ≤ θ ≤ pi
2
, m2
τ˜1
≤ m2
τ˜2
. For large values of tanβ and µ, the
mixing in the tau slepton sector can be very strong.
B. The chargino and neutralino systems
The general chargino mass matrix is given by[13]
MC =
(
M2
√
2MW sβ√
2MW cβ µ
)
, (10)
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where M2 is the wino mass parameter and we use sβ = sin β, cβ = cos β, etc.
It can be diagonalized by two real rotation matrices CL and CR ,
CLMC C
−1
R = Diag (mχ˜±
1
, mχ˜±
2
) (11)
with two rotation angles given by
tan 2θL =
2
√
2MW (M2cβ + µsβ)
M22 − µ2 − 2M2W cβ
,
tan 2θR =
2
√
2MW (M2sβ + µcβ)
M22 − µ2 + 2M2W cβ
.
(12)
The two mass eigenvalues of the charginos, in the limit |µ| ≫ M2 ,MW , are
reduced to
mχ˜±
1
≃ M2 − M
2
W
µ2
(M2 + µs2β) ,
mχ˜±
2
≃ |µ|+ M
2
W
µ2
ǫµ(M2s2β + µ) ,
(13)
where ǫµ is for the sign of µ . For |µ| → ∞ , the lighter chargino corresponds
to a pure wino state with mass mχ˜±
1
≃ M2 , while the heavier chargino
corresponds to a pure higgsino state with mass mχ˜±
2
≃ |µ| .
The neutralino mass matrix is
MN =

M1 0 −MZsW cβ MZsW sβ
0 M2 MZcW cβ −MZcW sβ
−MZsW cβ MZcW cβ 0 −µ
MZsWsβ −MZcWsβ −µ 0
 , (14)
where M1 is the Bino mass parameter and sW = sin θW , cW = cos θW , etc.
are used. It can be diagonalized by a single real orthogonal matrix N ,
N MN N
−1 = Diag (mχ˜0
1
, mχ˜0
2
, mχ˜0
3
, mχ˜0
4
) . (15)
In the limit of large |µ| values, the mass eigenvalues of the neutralinos
mχ˜0
i
(i = 1, 2, 3, 4) are simplified to
5
mχ˜0
1
≃ M1 − M
2
Z
µ2
(M1 + µs2β)s
2
W ,
mχ˜0
2
≃ M2 − M
2
Z
µ2
(M2 + µs2β)c
2
W ,
mχ˜0
3
≃ |µ|+ M
2
Z
2µ2
ǫµ(1− s2β)(µ+M2s2W +M1c2W ) ,
mχ˜0
4
≃ |µ|+ M
2
Z
2µ2
ǫµ(1 + s2β)(µ−M2s2W −M1c2W ) .
(16)
Again, for |µ| → ∞ , two neutralinos are pure gaugino states with masses
mχ˜0
1
≃ M1 , mχ˜0
2
≃ M2 , while the two others are pure higgsino states with
masses mχ˜0
3
≃ mχ˜0
4
≃ |µ| . The matrix elements of the diagonalizing matrix,
Nij with i, j = 1, . . . , 4 , are given by
Ni1 = (1 + a
2
i + b
2
i + c
2
i )
− 1
2 ,
Ni2 = Ni1 ai ,
Ni3 = Ni1 bi ,
Ni4 = Ni1 ci
(17)
with
ai = − 1
tan θW
M1 − ǫimχ˜0
i
M2 − ǫimχ˜0
i
,
bi =
[
µ (M1 − ǫimχ˜0
i
)(M2 − ǫimχ˜0
i
)
−M2Zsβcβ[(M1 −M2)c2W +M2 − ǫimχ˜0
i
]
]
/[
MZsW (M2 − ǫimχ˜0
i
)(µ cβ + ǫimχ˜0
i
sβ)
]
,
ci =
[
−ǫimχ˜0
i
(M1 − ǫimχ˜0
i
)(M2 − ǫimχ˜0
i
)
−M2Zc2β[(M1 −M2)c2W +M2 − ǫimχ˜0
i
]
]
/[
MZsW (M2 − ǫimχ˜0
i
)(µ cβ + ǫimχ˜0
i
sβ)
]
,
(18)
where ǫ1 = ǫ2 = 1,−ǫ3 = ǫ4 = ǫµ .
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C. Mass spectra in the mSUGRA scenario
To reduce the number of the parameters, we will adopt the mSUGRA
scenario with universality hypothesis to discuss the SUSY particle spectra,
where the scalar fermion masses and the gaugino masses are respectively
unified as m0 and m1/2 at the GUT scale MGUT . The relation between the
SUSY particle masses at the scale MGUT and at the weak scale O(MZ) are
obtained by running renormalization group equations(RGE) as[14]
M1 ≃ 0.4m1/2 , M2 ≃ 0.8m1/2 ,
m2τ˜R ≃ m20 + 0.15m21/2 − 0.23M2Z cos 2β ,
m2τ˜L ≃ m20 + 0.52m21/2 − 0.27M2Z cos 2β ,
m2ν˜τ ≃ m20 + 0.52m21/2 + 0.5M2Z cos 2β ,
(19)
where mν˜τ is the left-handed soft-SUSY-breaking tau sneutrino mass. All
of the free parameters now include |A|, ϕ, µ, tan β, m0, m1/2 . We will take
them as input and use the above-mentioned equations, all the mass spectra
of the involved SUSY particles can then be worked out.
III. Relevant couplings and decay rate asym-
metry
A nonvanishing value for the asymmetry Aντcp in Eq.(1) is generated, if the
decay τ˜− → ντ χ˜−, in addition to the decay τ˜− → τ−χ˜0, is allowed kinemat-
ically. The produced tau lepton and neutralino can become a tau neutrino
and a chargino by exchanging charged Higgs bosons H±, W± bosons, and
tau sneutrino ν˜τ , as shown in Fig. 1. The interferences of these one-loop dia-
grams with the tree diagram make the rate of the decay τ˜− → ντ χ˜− different
from that of the decay τ˜+ → ν¯τ χ˜+. The relevant interaction Lagrangian for
τ˜ and ν˜τ as well as H
± and W± is given by[12]
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                  τ            τν                   τ            τν  
τ~                 ±H             τ~                   ±W  
0~χ           ±χ~                   0~χ           ±χ~  
(a)                               (b) 
0~χ           τν  
τ~                  τν
~
 
                                τ            ±χ~  
(c) 
Figure 1: The one-loop diagrams for the decay of a tau slepton into a tau
neutrino and a chargino.
L = g√
2
ν˜τ τ(ALl
1− γ5
2
+ ARl
1 + γ5
2
)χ˜−l +
g√
2
τ˜kντ (Bkl
1 + γ5
2
)χ˜+l
+
g√
2
τ˜kτ (FLjk
1− γ5
2
+ FRjk
1 + γ5
2
)χ˜0j +
g√
2
ν˜τντ (Gj
1 + γ5
2
)χ˜0j
− g√
2
H−χ˜0jγ
µ(ILjl
1− γ5
2
+ IRjl
1 + γ5
2
)χ˜+l −
g√
2
H−τ (K
1− γ5
2
)ντ
− g√
2
W−µ χ˜
0
jγ
µ(HLjl
1− γ5
2
+HRjl
1 + γ5
2
)χ˜+l −
g√
2
W−µ τγ
µ1− γ5
2
ντ
+h.c.
(20)
with
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ALl =
mτ
MW cβ
CLl2 , ARl = −
√
2CRl1 ,
Bkl =
mτ
MW cβ
CLl2U
∗
k2 −
√
2CLl1U
∗
k1 ,
FLjk = − mτ
MW cβ
Nj3U
∗
k1 − 2 tan θWNj1U∗k2 ,
FRjk =
mτ
MW cβ
Nj3U
∗
k2 − (Nj2 + tan θWNj1)U∗k1 ,
Gj = Nj2 − tan θWNj1 ,
HLjl = −
√
2Nj2CRl1 +Nj4CRl2 ,
HRjl = −
√
2Nj2CLl1 −Nj3CLl2 ,
ILjl = cos β[
√
2Nj4CRl1 + (Nj2 + tan θWNj1)CRl2] ,
IRjl = sin β[
√
2Nj3CLl1 − (Nj2 + tan θWNj1)CLl2] ,
K = − tan β mτ
MW
,
(21)
where k, l = (1, 2) and j = (1, . . . , 4). We now consider the decay of the heav-
ier tau slepton into the tau neutrino and the lighter chargino τ˜−2 → ντ χ˜−1 and
its CP conjugate process. The decay rate asymmetry for the processes are
obtained as
Aντcp =
α2
2
T a + T b + T c
(m2
τ˜2
−m2
χ˜−
1
)2|B21|2 , (22)
where α2 = g
2/(4π). The contributions of the diagrams (a),(b), and (c)
in Fig.1. are represented by T a, T b, and T c, respectively. these terms are
written as
T a =
∑
j
4∑
n=1
Im(Xnj )J
a
n(mτ˜2 , mχ˜0j , mχ˜
−
1
) ,
T b =
∑
j
4∑
n=1
Im(Y nj )J
b
n(mτ˜2 , mχ˜0j , mχ˜
−
1
) ,
T c =
∑
j
4∑
n=1
Im(Znj )J
c
n(mτ˜2 , mχ˜0j
, mχ˜−
1
)
(23)
with
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X1j = KB21F
∗
Rj2ILj1, X
2
j = KB21F
∗
Lj2ILj1,
X3j = KB21F
∗
Lj2IRj1, X
4
j = KB21F
∗
Rj2IRj1;
Y 1j = B21F
∗
Rj2HLj1, Y
2
j = B21F
∗
Rj2HRj1,
Y 3j = B21F
∗
Lj2HLj1, Y
4
j = B21F
∗
Lj2HRj1;
Z1j = AR1B21F
∗
Rj2Gj , Z
2
j = AR1B21F
∗
Lj2Gj ,
Z3j = AL1B21F
∗
Lj2Gj, Z
4
j = AL1B21F
∗
Rj2Gj
(24)
and
Ja1 =
1
2
mτmχ˜−
1
[
T + (m2τ +m
2
χ˜−
1
−m2τ˜2 −m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja2 =
1
2
mχ˜0
j
mχ˜−
1
[
T + (m2τ −m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja3 =
1
2
[
m2τ˜2T + (m
2
τm
2
χ˜−
1
−m2τ˜2m2H±) ln
∣∣∣∣S + TS − T
∣∣∣∣] ,
Ja4 =
1
2
mτmχ˜0
j
(m2
χ˜−
1
−m2τ˜2) ln
∣∣∣∣S + TS − T
∣∣∣∣ ,
J b1 =
1
2
mχ˜0
j
mχ˜−
1
[
2M2W +m
2
τ
M2W
T + (m2τ − 2M2W +
m4τ
M2W
) ln
∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
]
,
J b2 = −
m2τm
2
χ˜−
1
2M2W
T +
[
1
2
m2τm
2
χ˜−
1
+ (m2
χ˜−
1
−m2τ˜2)(m2τ˜2 −m2τ −m2χ˜0j )
+
m2τm
2
χ˜−
1
2M2W
(m2χ˜0
j
−m2χ˜−
1
−m2τ ) +
m2τm
2
τ˜2
2M2W
(m2χ˜−
1
−m2χ˜0
j
)
 ln ∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣ ,
J b3 =
1
2
mτmχ˜−
1

2M2W −m2τ˜2 +m2χ˜0j
M2W
T +
[
2(m2τ +m
2
χ˜−
1
−M2W )
− m2τ˜2 −m2χ˜0j −
m2τ (m
2
χ˜−
1
−m2
χ˜0
j
)
M2W
 ln ∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
 ,
J b4 =
mτmχ˜0
j
(m2
τ˜2
−m2
χ˜−
1
)
2M2W
(
T + 3M2W ln
∣∣∣∣∣S
′ + T
S ′ − T
∣∣∣∣∣
)
,
(25)
where
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T =
(m2
τ˜2
−m2
χ˜−
1
)
m2
τ˜2
√
m4
τ˜2
+m4τ +m
4
χ˜0
j
− 2m2
τ˜2
m2τ − 2m2τ˜2m2χ˜0j − 2m
2
τm
2
χ˜0
j
,
S =
1
m2
τ˜2
(m2τ˜2 +m
2
χ˜−
1
)(m2τ˜2 −m2τ +m2χ˜0j )− 2(m
2
χ˜0
j
+m2
χ˜−
1
−m2H±) ,
(26)
S ′ is derived from S by changing mH± to MW . In addition, J
c
n are also
obtained from Jan by mν˜τ replacing mH±. The sum for the intermediate
neutralinos in the formula (23) should be done for those which satisfy the
kinematical condition mτ˜2 > mτ +mχ˜0j .
IV. Numerical results
In this section, we will illustrate our numerical results of the CP asymme-
try in the tau slepton decay based on the mSUGRA scenario for the relevant
SUSY parameters. Since we have assumed a universal mass m0 for the scalar
fermions and a mass m1/2 for the gauginos at the GUT scale, therefore, the
parameters appearing in our analyses are |A|, ϕ, µ, tanβ, m0, m1/2, mH± .
For simplicity, although these parameters are not all independent of each
other, we assume them are independent and assume only rough constraints
coming from theoretical and experimental considerations. The simple ex-
pressions (19) will be used for the soft SUSY-breaking Bino and Wino mass,
as well as left- and right-handed slepton masses when performing the RGE
evolution to weak scale at one-loop order if the Yukawa couplings in the
RGE’s are neglected. We will choose two representative values for tan β: a
low value (tan β = 2.5) and a large value (tanβ = 40), as well as two values
for phase ϕ: π/2 and π/4, respectively. The other parameters are typically
taken, for example, as the followings
η = 0, |µ| = 2TeV, |Aτ | = 1.5TeV, mH± = 1TeV, m0 = m1/2 = 400GeV .(27)
As a result, the masses of the relevant SUSY particles are immediately leaded
to
mχ˜±
1
≃ mχ˜0
2
≃M2 ≃ 320GeV, mχ˜0
1
≃M1 ≃ 160GeV, mν˜τ ≃ 490GeV , (28)
which do not depend on the value of ϕ and there is only a very small variation
with the value of tanβ. The masses of the tau sleptons , however, are more
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sensitive to tan β, and there is a very small change with the value of ϕ. For
ϕ = π/4, the numerical results is given by
mτ˜1 ≃ 430GeV , mτ˜2 ≃ 498GeV , (tanβ = 2.5)
mτ˜1 ≃ 266GeV , mτ˜2 ≃ 604GeV . (tanβ = 40)
(29)
Since for tau slepton, large enough off-diagonal elements of the mass matrices
are obtained only for large µ and tanβ values and trilinear couplings Aτ play
only a marginal role, we will fix the latter in the entire analysis. The soft
SUSY-breaking masses for the Higgs bosons are however disconnected from
the sfermions, moreover, our results are not sensitive to the charged Higgs
bosons mass mH± , so it will also be fixed.
In the Fig. 2 and Fig. 3, the absolute values of Aντcp are shown as a function
of the unified gaugino mass m1/2 for the low value (tanβ = 2.5) and the large
value (tanβ = 40), respectively. The other involved parameters are fixed to
the same as Eq.(27). Two curves of each figure correspond respectively to
two value of the phase ϕ = π/4 and ϕ = π/2. The plots show that the
rate asymmetries |Aντcp | are very sensitive to the value of tan β. They have
approximately a magnitude of order of 10−4 for tan β = 2.5 and of order
of 10−6 for tan β = 40, respectively. The asymmetries are enhanced with
increasing value of m1/2. In the case of tanβ = 2.5 and ϕ = π/2, for large
values of m1/2(m1/2 ≈ 500GeV), the asymmetry Aντcp can significantly reach
the order of 10−3. In addition, the parameters ϕ, |Aτ |, m0 do dot change the
whole trends of the plots, nevertheless, they can slightly shift the values of
Aντcp in the same order of magnitude. The mass of the charged Higgs boson
does not however affect the asymmetries obviously.
In the Fig. 4 and Fig. 5, the rate asymmetries |Aντcp | are shown as a function
of the Higgs mass parameter |µ| for tan β = 2.5 and tanβ = 40, respectively.
The unified gaugino mass and the other parameters are still given by Eq.(27).
Plots show that the magnitude of order of the asymmetries are similar to that
of the Fig. 2 and Fig. 3, respectively. For a larger value of |µ|, the asymmetries
are smaller. In the case of tanβ = 2.5 and ϕ = π/2, the values of |Aντcp | also
become of order of 10−3 for small values of |µ|(|µ| ≈ 1TeV). In most region
of parameter space in Fig. 2–Fig. 5, τ˜2 dominantly decays into ντ χ˜
−
1 , τχ˜
0
1 and
τχ˜02 . In Fig. 6 and Fig. 7, the branching ratios of these decays are shown
as a function of the gaugino mass m1/2 for tanβ = 2.5 and tan β = 40,
respectively. Where, the phase ϕ is fixed to ϕ = π/4 and values of the other
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parameters are the same as Eq.(27). The graphs show that the trends of
plots obviously change with the value of tanβ. For a smaller value of m1/2,
Br(τ˜2 → ντ χ˜−1 ) is larger. The interactions which induce the rate asymmetry
between the decays τ˜− → ντ χ˜− and τ˜+ → ν¯τ χ˜+ also yield a rate asymmetry
between the decays τ˜− → τ−χ˜0 and τ˜+ → τ+χ˜0, satisfying the relation in
Eq.(3). As seen In Fig. 6 and Fig. 7, the width of τ˜2 → ντ χ˜−1 is generally
several times smaller than that of τ˜2 → τχ˜01, and accordingly the former
decay rate asymmetry becomes larger than the latter by the same order of
magnitude. For the detection of an asymmetry Aντcp ∼ 10−3, a necessary
number of pairs of τ˜+τ˜− should be in the order of 106. This luminosity are
expected to be produced at a future µ+µ− linear collider with a c.m. energy
of 500GeV, where it will be possible to examine CP violation through the
decay τ˜ → ντ χ˜±.
V. Conclusions
In summary, we have studied in detail the signal for CP violation in the
tau slepton sector in the MSSM. The relevant sources of CP violation come
from the soft SUSY-breaking terms associated with third generation slepton,
as well as the Higgs mass parameter µ. We presented a general formalism
of the effect of the CP-violating mixing in the tau slepton sector on their
decays. A detailed analysis about that was focused on the rate asymmetry
of the decay of the heavier tau slepton into the lighter chargino and tau
neutrino final states. In the mSUGRA scenarios where the scalar fermion
and gaugino masses are unified at the GUT scale, we illustrated this asym-
metry and branching ratios in the parameter space which are constrained
by experiments. It was shown that a rate asymmetry between the decays
τ˜−2 → ντ χ˜−1 and τ˜+2 → ν¯τ χ˜+1 can be induced at a magnitude of order of 10−3
in a region of the parameter space where CP violation becomes maximal at
lagrangian level. Even though this CP-violating tau slepton mixing only pro-
ceeds through loop diagrams, it can give rise to order of 10−3 CP-violating
asymmetry even in the absence of other CP phases. As a result, the intrinsic
property of CP violation in the MSSM can be expected to be detectable in
the near-future collider experiments.
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Figure 2: The decay rate asymmetry as a function of the gaugino mass m1/2
for tanβ = 2.5, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 3: The decay rate asymmetry as a function of the gaugino mass m1/2
for tan β = 40, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 4: The decay rate asymmetry as a function of the parameter |µ| for
tanβ = 2.5, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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Figure 5: The decay rate asymmetry as a function of the parameter |µ| for
tanβ = 40, and the other parameter values in Eq.(27). The curve I ⇒
ϕ = π/2, II ⇒ ϕ = π/4.
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 Figure 6: The branching ratios as a function of the gaugino mass m1/2 for
tanβ = 2.5, ϕ = π/4, and the other parameter values in Eq.(27). The curve
I ⇒ (τ˜2 → ντ χ˜−1 ), II ⇒ (τ˜2 → τχ˜01), III ⇒ (τ˜2 → τχ˜02).
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 Figure 7: The branching ratios as a function of the gaugino mass m1/2 for
tanβ = 40, ϕ = π/4, and the other parameter values in Eq.(27). The curve
I ⇒ (τ˜2 → ντ χ˜−1 ), II ⇒ (τ˜2 → τχ˜01), III ⇒ (τ˜2 → τχ˜02).
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